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Abstract 
Compared with the general centrifugal pump, the screw centrifugal pump has a spiral radial impeller and 
opening flow passage. The impeller inlet is a spiral blade and outlet of blade looks like to mixing-flow 
pump blade. Its special structure made the screw pump not only having spiral propelling effect but also 
having centrifugal effect, therefore the screw centrifugal pump has both the merits of screw pump and 
centrifugal pump. According to the structure characteristics of screw centrifugal pump, character of flow-
field inside the pump and projection drawing on foundation with one-dimension, the regularity for change 
of pitch in the variable-pitch parametric equation group is given in this paper. And the variable-pitch 
parameter equation group of the screw centrifugal pump is perfected. Using the parametric equation, to 
segment streamline dots on axial plane for designing screw centrifugal pump blade is facilitated, which has 
important meaning to the CAD, numerical simulation of three-dimension flow-field and improve 
performances of screw centrifugal pump. 
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1. Introduction 
Compared with the general centrifugal pump, the screw centrifugal pump has a spiral radial impeller and 
a open impeller type flow passage. The impeller inlet is a spiral blade and outlet of blade looks like to 
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mixing-flow pump blade. Its unique structure will combine the spiral volumetric boost and centrifugal role 
that give the flow energy. It has the screw pump and the centrifugal pump double merits (Fig.1 for Screw 
centrifugal pump structure diagram). And the screw centrifugal pump has the following features: truly clog-
free performance, high efficiency and high efficient area wide, even power curve, good regulation 
performance and a strong cavitation performance [1][2]. From the design practice to see, on the one hand, 
use conformal mapping method to design the Screw centrifugal pump, due to segment streamline dots on 
axial plane are too dense on the impeller axial plane streamline, so that the streamline on the grid cannot 
fully reflected the change regularity of blade outline. On the other hand form the fluid in the impeller 
motion in the screw centrifugal pump impeller to see, the fluid flow from the axial to radial in the screw 
centrifugal impeller, therefore fluid flow of the axial velocity become slower gradually, but radial velocity 
become faster gradually. So the screw centrifugal impeller pitch must be designed nonlinear smooth change 
from inlet to outlet [3] [4]. The variation rule of impeller blade pitch is given in this paper on foundation of 
impeller axial plane, and the variable-pitch parameter equation group of the screw centrifugal pump is 
perfected. 
 
 
  
               Fig.1  Screw centrifugal pump structure                                            Fig. 2  Variable pitch spiral line diagram      
 
 2. Variable pitch of general equation of spiral 
     In Fig.2 of cylindrical coordinate system, a pointmoving from Uș]WRUș= with angular 
velocity )(tZ round the z axis rotation, meanwhile the point with axial velocity ( )tX  on the ( )r f z  
surface is moving  along the positive direction of z axis. According to its definition, we can get the most 
general parameters equation of the spiral curve [5]. 
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       The angular velocity ( )tZ and axial velocity ( )tX in the Eq. (1) are both constant, which is isometric 
helix line. If one of the velocities is not constant, the equation group become a variable pitch a spiral line. 
According to the character of ( )r f z  surface and we can be divided into frustum helix, cylindrical helical 
spiral, etc. In this paper according to its structure characteristics and working state, apparently the screw 
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centrifugal pump velocity ( )tZ  is constant, but the axial velocity ( )tX  is not constant. Therefore the 
important work to set up screw centrifugal pump blade profile equation group is to determine the variation 
rule of axial velocity (i.e. screw centrifugal pump blade pitch variation rule). 
3. Variation rule of axial velocity 
     Screw centrifugal pump impeller can translate fluid by depending on spiral boost effect on longer way 
from inlet to outlet of impeller, so its blade pitch variation rule of a spiral line of impeller must be to match 
the axial velocity of fluid in the screw centrifugal pump, which can get higher performance. 
3.1. The fluid axial velocity in impeller 
The flow passage of screw centrifugal pump is relatively long and narrow, so according to one-
dimension flow theory[6], this paper carried out a method to calculate the fluid axial velocity in the 
impeller. Fig. 3 is a screw centrifugal pump flow passage chart on the axial plane. In Fig.3 the streamline 
1 2 3a a a  is flange of blade which generally is made up by a straight line and a circular arc or two arcs and a 
straight line. The streamline 1 2 3 4b b b b  is hub of blade which generally is made up by the two arcs and a 
straight line. Sometime 1 2 3 4b b b b  is made up by a circular arc and a straight line. By using iterative method 
to draw inscribed circle and set up a certain precision, and the variation rule of the flow section area can be 
relatively easy to obtain. According to the variation rule of the flow section area, we can get the fluid axial 
velocity in the screw centrifugal pump impeller. 
 
 
 
 
 
Fig.3 The screw centrifugal pump flow passage of axial plane               Fig.4 The area variation rule of flow section 
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Where, ( )F l is area variation rule of flow section of impeller;\  is blade displacement coefficient; G is 
the thickness of blade˗D is diameter of calculated point˗ E is blade settling angle˗O  is angle between 
axial plane cut linesand axial streamline, which is generally 60°~90°. 
3.2. The fluid axial velocity on the flange of blade 
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According to the axial plane of the impeller (Fig.3), the fluid axial velocity should be set up as the fluid 
velocity on the axial plane is projected on the axial. As long as the variation rule of impeller blades profile 
is consistent with fluid axial velocity, the high performance blade profile should be set up. For convenience, 
in this paper the axial plane streamlines will be studied separately with straight line and circular arc. 
(1) The fluid axial velocity of straight line 21aa  
           
1 1 1 2max
1( ) tan tan
2
f z B z DD D                                                                                               ˄4˅ 
The equation of the straight line 1 2a a  is given by Eq. (4). Where 1LzB  , then the axial fluid 
velocity of the straight line 21aa  is given by Eq. (5). 
1 1cosflange mV V D                                                                                                                          ˄5˅ 
(2) The fluid axial velocity of circular arc 32aa  
In the axial plane Fig.3, because the circular arc 32aa  21aa  is tangent to the straight line on the point 2a , 
and the centre of circular arc is 1o , Eq.(6) of the circular arc should be set up. 
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Where LzL 1 , the axial fluid velocity of the circular arc 32aa should be set up, which is Eq.(7) 
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In Eq. (6), (7), 
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3.3. The fluid axial velocity on hub of impeller 
˄1˅The fluid axial velocity of circular arc 21bb   
According to the axial plane Fig.1, because the circular arc 21bb is tangent to the straight line 32bb  on the 
point 2b , and the centre of circular arc is 2o , the circular arc 21bb equation should be set up, which is Eq.(8). 
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Where, 40 Lz  , the axial fluid velocity of the circular arc 2 3a a should be set up, which is Eqs.(9) 
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In Eqs. (8), (9) 
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˄2˅The axial fluid velocity of the straight line 32bb   
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The equation of the straight line 
2 3b b  is given by Eq. (10). Where 34 LzL  , then the axial fluid 
velocity of the straight line 
2 3b b  is given by Eq. (11). 
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In Eq. (10), (11). 
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˄3˅The axial fluid velocity of circular arc 43bb   
According to the axial plane Fig.1, because the circular arc 43bb is tangent to the straight line 32bb   on 
the point 3b , and the centre of circular arc is 3o , the circular arc 43bb equation should be set up, which is 
Eq.(12). 
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Where, 23 LzL  , the axial fluid velocity of the circular arc 43bb should be set up, which is Eq.(13) 
  ]}
)(
2[cos{arctan))]((cos[arctan
2
3
2
3
3'
33
o
o
mmhub
zzR
zzVzfVV

                                                     ˄13˅ 
919Xiaorui Cheng and Rennian Li / Procedia Engineering 31 (2012) 914 – 921
In Eq. (8), (9). 
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3.4. The calculation method of blade settling Angle 
There is a blade settling angle E in Eq. (3). Only the settling angle of the blade inlet can be calculated, 
and settling angle of blade outlet should be selected according to the method of statistical experience. But 
in addition to the inlet and outlet of the blade, the other settling angle can be determined as we must be 
known to streamline on the grid. Because the calculation method of blade settling angle in this paper need 
not segment streamline dots on axial plane, there won't be squares nets streamline. Through the analysis 
with screw centrifugal pump streamline shape, a method to determine the settling angle blade is given in 
this paper.  
 
 
 
 
Fig.3 The impeller axial plane 
According to streamlines profile on the impeller axial plane, the settling angle of point B on the flange 
of impeller can be used Eq. (14) to calculate. 
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Although this method should be result in certain error, but in this paper that affected only displace-ment 
coefficient \ . 
4. Variation rule of axial fluid velocity 
By introducing Eq. (4), (5), (6), (7) into Eq. (1), we can obtain equation group of the flange of blade. 
Where mV  is calculated by Eq. (2), (3), (14). 
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By introducing Eq. (8), (9), (10), (11), (12), (13) into Eq. (2), we can obtain equation group of the hub 
of blade. 
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Where, mV  is calculated by Eq. (2), (3), (14). 
5. Conclusion 
This paper gave the equation group of screw centrifugal pump blade type line, which is convenience to 
design blade.  At the same time, for pump computer aided design, the numerical simulation of the flow field 
and the performance of the pump improvement have important significance. But this paper gave the screw 
centrifugal pump blades the equations group after the impeller axial  is known , so if we can design screw 
centrifugal pump of performance of high by means of this method, we must depend on the shape of axial 
plane streamlines. And how to obtain the good streamlines shape of axial plane remains to be further 
research. 
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